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Abstract. This work, a seroepidemiological study on the infection by L. interrogans was 
conducted in cattle farms of the area of Algiers. A total of 19 farms, randomly selected, were 
investigated and 205 cattle serums were collected and tested both by the MAT and ELISA to 
determine the prevalence and the antibodies's titer of the 5 specific studied serovars of L. 
interrogans, using 50% agglutination at a dilution ≥ 1: 100 as titre positivité. 29/205 (14.14%) 
animals were positive to one or more serovars. Leptospira serovar Harjo and Pomona were the 
most prevalent with 13 positive samples each (6.34%), followed by Canicola (4.39%) and 
Grippotyphosa (3.90 %). The less prevalent serovar was Icterohaemorrhagiae with only two 
positive samples (0.97 %). On the other hand, the seroprevalence of Leptospira interrogans 
serovar Hardjo was evaluated by two different kits of ELISA. A 4% and 5 % were obtained by 
ELISA Bio-X and PrioCHeck respectively. The study of various potential risk factors showed no 
statistical association with L.interrogans serovar Hardjo infection. We concluded from this study 
that Leptospira interrogans is present in cattle farms in the state of Algiers, Algeria.   
 





Leptospires belong to the phylum Spirochetes and are made up of saprophytic and 
pathogenic bacteria. They owed their name to their unique helical, flexible and slender 
morphology (Ellis And Adler, 2015). Pathogenic leptospires are grouped together in the 
species Leptospira interrogans and they are responsible for a globally distributed 
zoonosis (Abgueguen and Pichard, 2009).  
The disease is caused by pathogenic spirochete bacteria of the genus Leptospira, 
which consists of 22 known species (pathogenic, intermediate, and saprophytic) and is 
divided into more than 300 serovars (Picardeau, 2017). Recently, 12 novel species 
of Leptospira have been isolated from tropical soils, suggesting a highly unexplored 
biodiversity in the genus (Thibeaux et al., 2018). 
 Cattle are maintenance hosts for leptospires belonging to differents serovars, 
including Hardjo, Pomona and others (Costa et al., 2015; Ellis and Adler, 2015 ; Boey 
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et al., 2019). Livestock industries face tremendous risks because of abortions and still 
births in farm animals (Ellis, 2015). The leptospirosis bill can be economically very 
heavy both for human and animal health, from where our interest focused on the study 
of bovine leptospirosis in the Algiers region. In Algeria, only three studies have been 
published on leptospirosis (Derdour et al., 2017; Zaidi et al., 2018 ; Benseghir et al., 
2020) ; but no study has been carried out using MAT (Microscopic agglutation test) wich 
the reference metod for detection as a screening test. For these reasons, the main 
objective of this approach was to make an inventory of the situation in this region. 
MATERIAL AND METHODS 
 
Description of the study region: Our study was carried out in the region of 
Algiers (809.22 km2), which is bounded by the Mediterranean Sea to the north (over  80 
km of length), provinces of Blida to the south, Tipaza to the west and Boumerdes to the 
east (Fig.1). 
 
Figure 1. Map of Algeirs state in the northern of Algeria, showing the coordinates of 
the sample locations of catlle herds and municipalities stadied in this work 
 
Population and Sampling design: A random 205 blood samples were collected 
from cows, aged between 2 and 13 years old in 17 parts of the province of Algiers. A 
total of 19 cattle farms were involved in our study (Fig.1 and Table 1). In each farm, at 
least 10% of the cows were selected (having aborted or not, pregnant or not, of different 
ages and breeds).  
Table 1 
Summary table of the number of cows and farms sampled by municipality of 
the wilaya of Algiers 
The municipality Number of herds 
sampled 
Number of cows 
sampled 
Zeralda 3 27 
Rouiba 1 9 
Cherega 1 11 
Birtouta 1 16 
Ain Taya 1 15 
Bab Elzouer 1 10 
Ouled Fayet 1 11 
Eucalyptus 1 10 
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Baraki 1 6 
Reghaya 1 20 
El Harrach 1 4 
Saoula 1 10 
Tessala El Merdja 1 10 
Kouba 1 10 
Der Elbeida 1 10 
Staoueli 1 16 
Douera 1 10 
Total 19 205 
 
Establishment of a questionnaire: An epidemiological questionnaire was 
distributed to the breeder to ascertain whether episodes of abortion had been observed 
or not. This questionnaire also allowed us to analyze the potential risk factors associated 
with infection with Leptospira interrogans. The questionnaire included elements related 
to:  
• Visited herds (presence of abortion or not, type of stall, type of production, 
number of cattle, etc.)  
• Cows sampled (breed, age, body condition score, etc.).The questionnaire is 
attached as an annex to this work.   
Collection of samples and conservation: This study was performed from April 
2013 to March 2014. We collected blood samples from the tail vein. A quantity of 5 to 
10 ml was collected in sterile vacuum vacutainer tubes, and then tubes were numbered. 
Blood samples were transported in a cooler at 4 ° C, held in an upright position, to the 
microbiology laboratory in the National Veterinary High School of Algiers, where the 
collected blood was centrifuged for 5 to 10 minutes at 3000 g. The obtained serums were 
immediately transferred to eppendorf® tubes and quickly stored in the freezer at -20 ° 
C. 
Serological analysis: the analyses of the 205 collected serums were carried out in 
the National Institute of Veterinary Medicine of El Harrach. For the detection of 
antibodies, directed against Leptospira interrogans serovar Hardjo, we used two 
different ELISA tests (The Bio-X Diagnostics and PrioCHecK L. HARDJO Ab kits).  
The microscopic agglutination test was used for all serum samples, as described 
by Wasinski and Pejsak (2010). This test allowed us not only to confirm the results 
obtained by the ELISA tests, but also to identify different serovars of L. interrogans 
such: Hardjo, Pomona, Icterohaemorrhagiae, Grippotyphosa and Canicola. 
The MAT was carried out according to the OIE standards applied to diagnostic 
tests for terrestrial animals 2013 (OIE, 2013). The MAT was carried out on living strains 
belonging to the serogroup L. interrogans, maintained and cultivated in the 
microbiological analysis laboratory of the Scientific Institute of Public Health of 
Brussels (WIV-ISP).  
Statistical analysis: Differences in proportions were statistically analyzed and 
compared using the independence test of proportions based on the probability 
distribution of X2 (Yates corrected) or Fisher's exact test when necessary, in order to 
determine differences in prevalence  between groups. Chi-square calculations on the 
contingency tables were performed using the appropriate formulas (available online http: 
//www.aly abbara.com/utilitaires/statistiques/khi_carre.html).  
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Differences in prevalences were considered statistically significant when p <0.05. 
 
RESULTS 
Study of the seroprevalence of specific antibodies to Leptospira interrogans 
by the MAT test.  
a. Overall seroprevalence and by serovar : Out of a total of 205 sera from 19 
different cattle farms showed that 29 (14.14%) animals were positively tested 
for at least one Leptospira interrogans serovar at a dilution ≥ 1: 100 (Table2 for 
detailed results). 
Table 2  
Results of serological analyzes obtained by various tests for the demonstration of 












1 :100 Pomona-Grippotyphosa 
R37785 + - + 1 :100 Pomona-Grippotyphosa 
IT2708 - +/- + 1 :100 Hardjo-Pomona 
AIN 
1486 
+ + + 1 :800 Hardjo- Pomona 
AIN 
0764 
+ + + 1 :1600 Hardjo- Pomona-Canicola 
B 26 - +/- + 1 :100 Hardjo 
B 28 - +/- + 1 :100 Canicola 
B 36 - +/- + 1 :100 Grippotyphosa 
R19349 - +/- + 1 :100 Pomona 
T 13 - +/- + 1 :100 Canicola 
T 16 - +/- + 1 :100 Hardjo-Grippotyphosa 
T1 10 - +/- + 1 :100 Canicola 
K13 - +/- + 1 :100 Grippotyphosa 
K 14 - +/- + 1 :100 Hardjo-Pomona 
D4 - +/- + 1 :100 Icterohaemorrhagiae 
D9 - +/- + 1 :100 Canicola 
D07210 + + + 1 :800 Hardjo-Grippotyphosa-
Canicola D42324 + + + 1 :800 Hardjo- Pomona-
Icterohaemorrhagiae EST3717 + + + 1 :1600 Hardjo- Pomona-Canicola 
EST 
8399 
+ + + 1 :800 Hardjo- Pomona-Canicola 
IT2 5002 - - + 1 :100 Pomona 
IT25016 - - + 1 :200 Hardjo 
BAB02 - - + 1 :100 Pomona 
B1 2753 - - + 1 :100 Canicola 
2848 - - + 1 :400 Pomona-Grippotyphosa 
B22 - - + 1 :100 Hardjo 
T12 - - + 1 :100 Grippotyphosa 
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07422 - - + 1 :100 Canicola 
07481 - - + 1 :200 Hardjo- 
Icterohaemorrhagiae  
The most prevalent Leptospira serovars were Hardjo and Pomona with 13 positive 
samples each one (6.34%), followed by Canicola (4.39%), then Grippotyphosa (3.90%), 
and finally yet importantly, the serovar the less prevalent was Icterohaemorrhagiae with 














Figure 2.  Seroprevalence of Leptospira by serovar in cattle in the Algiers region 
 
The most common antibody titer was 1:100 (53.34%) and the highest titer was 1: 
1600 (13.04%). Out of 45 positive reactions to more than one serovar, we found that the 
serovars Hardjo and Pomona consistently were on the top of the five tested serovars with 
28.88% each. The serovar Icterohaemorrhagiae is the least prevalent with 4.44% (Table 
3).  
Table 3 
Number and frequency of sera samples with positive titers against each serovar and at 
different dilutions (n, %). 
Serovar 1 :100 1 :200 1 :400 1 :800 1 :1600 Total 
Hardjo 5 (10,86) 2 (4,34) 0 (0) 4 (8,69) 2 (4,34) 13 (28,88) 
Pomona 7 (15,21) 0 (0) 1 (2,17) 3 (6,52) 2 (4,34) 13 (28,88) 
Icterohaemorrhagiae 1 (2,17) 0 (0) 0 (0) 1 (2,17) 0 (0) 2 (4,44) 
Grippotyphosa 6 (13,04) 0 (0) 1 (2,17) 1(2,17) 0 (0) 8 (17,77) 
Canicola 5 (10,86) 0 (0) 0 (0) 2 (4,34) 2 (4,34)  9  (20,00) 
Total   24 
(53,33) 
2 (4,44) 2 (4,44) 11 
(24,44) 
  6 
(13,33) 
45 (100)      
 
b. Seroprevalence of L. interrogans serovar Hardjo by different serological 
methods:  A total of 205 sera were analyzed with two different ELISA kits 
(BioX and PrioCHeck) and by the MAT test, for the detection of specific 
antibodies for L.interrogans serovar Hardjo. The results of the seroprevalence 
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Table 4 
Seroprevalence of L interrogans serovar Hardjo according to the serological methods 
used. 
Serological test Number of animal 
positive 
Number of animal 
negative 
Seroprevalence (%) 
MAT 13 192 6,34% 
ELISA Bio-X 8 197 4% 
ELISA PrioCHeck 10 195 5% 
 
c.Study of risk factors: We checked whether the following factors: breed, age, 
season, Body condition score of the animal, pregnancy, parity, and History of abortion 
in previous years abortions were risk factors for positivity for leptospirosis or not (Table 
5).  Statistical tests of independence (chi-square) indicate that none of the previous 
factors were found to be significantly associated with seropositivity for Leptospira 
interrogans serovar Hardjo (p > 0.05).  
Table 5 
Risk factors associated with Leptospira interrogans infection among cattle in Algiers, 
Algeria during the period 2013 to 2014. 








Race Montbéliarde 7 111 118 
0,37 NS 
Holstein 3 45 48 
crossed 1 24 25 
Alps brown 2 6 8 
Fleckvieh 0 5 5 
Normande 0 1 1 
Age of cows (years) 2-4 4 100 104 
0,33 NS 5-6 7 72 79 
7-13 2 20 22 
Season summer 0 15 15 
0,18 NS 
Autumn 7 120 127 
Winter 5 31 36 
Spring 1 26 27 
Body condition 
score 
Good 5 80 85 
0,9 NS Meduim 7 92 99 
Low 1 20 21 
Pregnancy Yes 7 118 125 
0,59 NS 
No 6 74 80 
Parity Uniparous 0 35 35 
0,09 NS 
Multiparous 13 157 170 
History of abortion 
in previous years 
Yes 1 7 8 
0,47 NS 
No 12 185 197 
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DISCUSSION 
 
Leptospirosis is a zoonotic disease caused by different pathogenic serovars 
belonging to the genus Leptospira (Adler and Moctezuma, 2010). It is endemic to the 
most tropical and temperate regions (Levett, 2001). 
In cattle, its economic importance is far from negligible. Indeed, this condition is 
responsible for infertility disorders, in particular abortions but also drops in milk 
production accompanied by episodes of mastitis (faine et al., 2000). 
The diagnosis of bovine leptospirosis is often a complex and delicate; recourse to 
serological techniques is often the only alternative to detect infected animals in vivo. In 
the context of the present study, the use of ELISA technique allowed a rapid screening 
of the entire tested population. The MAT  has described by many authors as a reference 
technique, it enables the confirmation of the results obtained on the sera and resolve the 
ambiguity of the samples deemed doubtful by the ELISA throughout the first screening 
(Bourhy and Picardeau, 2012). 
Out of 205 sera tested by MAT test, 29 animals were positively tested for one or 
more Leptospira interrogans serovars at a dilution ≥ 1: 100 to 50% agglutination, 
corresponding to a seroprevalence of 14.14%. It should be mentioned that the 
seroprevalence in cattle varies according to the country, region, type of serological test 
and the value used as the titre. Direct comparison of our results with other similar works 
should be cautiously done. Therefore, we discussed the seroprevalence separately 
according to the used technique and the sought serovar. 
If we refer to other published works on seroprevalence in cattle using MAT as a 
reference test, our obtained overall seroprevalence for Lepstospira interrogans (14.14%) 
is quite close to other seroprevalences, for instance, in France (between 13% and 23%) 
(Andre-Fontaine et al., 2006), in Iran (15.79%) (Sakhaee and Abdollahpour, 2011), in 
Mexico (10.33%) (Leon et al., 2008), in India (21.18%) (Mariya et al., 2006), in Trinidad 
(21.5%) (Suepaul et al., 2011) and in Thailand (9.9%) (Suwancharoen, 2013). 
In contrast, much higher levels of Leptospira interrogans have been obtained in 
other countries, such in Brazil (83.3%) (Quaresma Bomfim et al., 2005), Malaysia 
(27.7%) (El Jalii, 2008), Tanzania (30.3%) (Schoonman and Swai, 2010), Mexico 
(28.4%) (Segura-Correaa et al., 2010) and Turkey (32.26%) (Kenar and Ozdemir, 2013). 
Leptospira interrogans seroprevalences found lower than that obtained in this study. It 
have been reported in other regions like Spain (8%) (Alonso-Andicoberry et al., 2001), 
Quebec  (4.64%) in 2005 and (7.6%) in 2006 (Vincent et al., 2007) and Sweden (1% ) 
(Lindahl, 2014). 
From 205 tested cattle, 13 were positive for Leptospira interrogans serovar 
Hardjo in MAT at a titer of 1/100 and 50% agglutination, corresponding to a 
seroprevalence of 6.34%. The titre of 1/100 in MAT is considered to be the most 
appropriate dilution for the serology of Leptospira interrogans in cattle (Legrand, 2007). 
By comparing the serological prevalence obtained with those reported in other published 
studies, using the MAT as a serological test, it appears that the seroprevalence in cattle 
in Algeria is closed to the one observed in Spain (1%) (Alonso-Andicaberry et al., 2001), 
Iran (5,61%) (Sakhaee and  Abdollahpour, 2011), India (7.8%) (Deneke et al. , 2014), 
Mexico (2.4%) (Leon et al., 2008) and Turkey (2.8%) (Kocabiyik and Cetin, 2004). 
However, our seroprevalence is lower than that observed in Mongolia and New Zealand, 
where almost all individuals were seropositive (80.4%) and (72.6%) respectively 
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(Odontsetseq et al., 2005; Sanhuezo et al., 2013). In Brazil, rates of 43.5%, 33.6% and 
20.6% were obtained respectively in different regions of the country (Martins et al., 2012 
; Quaresma Bonfim et al., 2005). In Africa specifically in Tanzania, the obtained 
prevalence was 14.76% (Shoonman and  Swai, 2010). In Turkey, other work carried out 
on seroprevalence in other regions of the country showed an exposure rate of 22.22% 
(Kenar and Ozdemir, 2013) and finally in Malaysia, the reported prevalence was 23.5 % 
(Eljalii, 2008). 
The obtained seroprevalence, using ELISA, was 5% (10/205), which is quite close 
to the one obtained by MAT technique (6.34%). This result corresponds to the 
prevalence previously obtained using indirect ELISA as a serological test, in Nigeria 
(8.44%) (Ngbede et al., 2013) and in Laos (3%) (Vongxay et al., 2012). In contrast, 
higher infection frequencies have been reported in Brazil (83.3%) (Quaresma Bomfim 
et al., 2005), Malaysia (56.5%) (Eljalii, 2008), Ireland (41.75 %) (Ryan et al., 2012), 
India (49%) and Uganda (29.35%) (Atherstone et al., 2014). 
In the present study, considering the 205 sera tested, the most prevalent Leptospira 
serovars were Hardjo and Pomona with a level of 6.34% each. Now, if we take into 
account the 29 positive sera for one or more serovars of Leptospira interrogans, the 
serovars Hardjo and Pomona are still at the top of the five tested serovars with 44.82% 
each. The least prevalent serovar was Icterohaemorrhagiae with only 2 positive samples 
(0.97%). The highest antibody's titer was 1/100 (53.33%), followed by 1/800 (24.44%), 
1/1600 (13.33%) then 1/200 and 1/400 with 13, 33% each. These results could be linked 
to an endemic leptospiral infection in cattle in Algiers region, indicating that the 
infection generally manifests in a subclinical form.  
Similar study, carried out in Iran by Abdollahpour et al. (2009), on a sample of 
205 sera obtained a seroprevalence of 25.8% with the serovar Canicola which was the 
most prevalent (11.7%). , followed by Pomona (9.45%), the less prevalent serovars were 
Hardjo (1%) and Icterohaemorrhagiae (0.5%). The most common antibody's titer was 
1/100 and the highest was 1/400. In their study, 14 sera positive against more than one 
serovar and 71 positive reactions against different serovars of L. interrogans 
(Abdollahpour et al., 2009). In Pakistan, Khurshaid et al. (2013), showed that serovar 
Pomona was the most prevalent (25%), followed by Grippotyphosa (10%), then 
Canicola, Ballum and Icterohaemorrhagiae with (8.33%) each. Afterwards, comes 
Hardjo serovar (3.33%). Their study also demonstrated that the 1/100 dilution was the 
most common antibody's titer and no serum was positive for more than one serovar 
(Khurshaid et al., 2013). It is revealed that each serovar is often associated with a specific 
geographic erea. This must be attributed to the environmental and climatic factors 
(Ismail et al., 2019 ; Parvez et al., 2015).  
Another aspect of our work was to study risk factors for being seropositive to 
Leptospira interrogans serovar Hardjo. Therefore, a seroepidemiological survey was 
carried out on a basis of a questionnaire, completed in the 19 studied farms and on each 
sampled individual. The various factors considered and analyzed are listed in the table 
5. The various factors were analyzed according to their possible impact on the 
seroprevalence of Leptospira interrogans serovar Hardjo in cattle, did not show any 
significant association by the test of independence (chi-square). However, regarding age, 
many studies have shown similar results to ours (Kocabiyik and Ketin, 2004; 
Schoonman and Swai, 2010; Vongxoy et al., 2012; Kenar and Ozdemir, 2013; Negbede 
et al., 2013). On the other hand, a significant difference was reported between age and 
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seropositivity to L. interrogans serovar Hardjo in a study carried out in Trinidad, where 
cattle, aged ≥ 1 year old are the most susceptible (Suepaul et al., 2011). 
Finally, for the parameter "cows having aborted", no significant relationship was 
demonstrated between cows having aborted and seropositivity to Leptospira interrogans 
serovar Hardjo. This result can be interpreted not only by the low number of cows having 
aborted participating in this study, but also by the existence of other pathogens 
responsible for abortions in cows such (Brucella abortus, Neospora caninum, Listeria 
monocytogenes, etc.). However, the reverse of our result Derdour et al. (2017) founded 
significative relationschip between cows having aborted and seropositivity to Leptospira 
interrogans serovar Hardjo.  
 
CONCLUSION 
The current study of seroprevalence in cattle showed an overall rate of 14.14% for 
L. interrogans (5 serovars tested). The most prevalent serovars were Hardjo and Pomona 
with a rate of 6.34% each. The least prevalent serovar was Icterohaemorrhagiae with 
only 2 positive samples (0.97%). MAT test remains the gold standard in the diagnosis 
of Leptospira interrogans serovar Hardjo infection. At the end of this work, it is 
important to recommend preventive measures to detect positive subjects, reduce their 
number, avoid contamination of healthy subjects and prevent contamination of people 
in contact with affected subjects. 
This study, limited to the Algiers region, must be extended in the future by other 
work devoted to other regions of the country in order to paint a more precise 
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